© Publication number: 0 352 850 

A1 



© EUROPEAN PATENT APPLICATION 

© Application number: 89201909.2 © Int. CI. 4 : C07D 301/10 , C07D 303/04 



© Date of filing: 19.07.89 



© Priority: 25.07.88 US 224046 


© Applicant: SHELL INTERNATIONALE 


25.07.88 US 224514 


RESEARCH MAATSCHAPPW B.V. 


© Date of publication of application: 


Carel van Bylandtlaan 30 


NL-2596 HR Den Haag(NL) 


31.01.90 Bulletin 90/05 




® Designated Contracting States: 


© Inventor: Lauritzen, Ann Marie 


16810 Gaelic Lane 


BE DE ES FR GB IT NL SE 


Houston Texas 77084(US) 




© Representative: Aaibers, Onno et ai 




P.O. Box 302 




NL-2501 CH The Hague(NL) 



© A process for producing ethylene oxide. 



© This invention relates to an ethylene oxide process utilizing a catalyst comprising silver supported on an 
alumina promoted by an alkali metal and rhenium characterized in that at normal operating conditions the 
concentration of the chlorohydrocarbon moderator in the gas passing over the catalyst is increased during the 
operation of the catalyst. 
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A PROCESS FOR PRODUCING ETHYLENE OXIDE 



This invention relates to a process for producing ethylene oxide by passing a gas comprising ethylene 

^ in e / r :r ,s th added ; the . 9as feed s,ream and i,s funciion is to *. * he re p S? n J 

to ncrease the number of moles of ethylene oxide produced per 100 moles of ethytene consumed) It is 
believed hat the pnmary mechanism for increasing the selectivity is an inhibition by The mZaTof he 

je jeacuon wherein ethy.ene is combusted with oxygen to form carbon dioxide ^ 
utilized in most current commercial fixed bed ethylene oxide reactors is an alkali metTornmntJ t 
silver catalyst. One problem with this type of catalyst is that incrL sing STSSS 
optimum have a deleterious effect on the activity of the catalyst, i.e., the ackT decease! as ne 
moderator ,eve. is increased. A decrease in activity means that the temperature JoZZ^ZEt 
w..n e i increased. This can have adverse effects on the longevity of the catalyst. Silver 
o be a major cause of act.v.ty decline for conventional alkali metal promoted supported si ver catalvs s As 
he Sl .ver particles agglomerate, the silver surface area decreases which lowers the numSToS?^ 
available for react.on. causing a ,oss of activity. Both selectivity and activity decline (^a^TwSE 
operating temperatures. Silver sintering also occurs faster at higher operating temperature^ Thus SZ 
operating with conventional alkali metal promoted, supported silver catalysts H is 2 
temperature of operation of the catalyst whiie a. the same time o im ^^ J^Z^ZT 
evels are maintained sufficiently high to obtain a relatively high' se.ect^y 

T 1TI , aCt,VltV deC ' ine 0< the Cata,ySt " AS 3 9 eneral rute - w >™ operating \Xcw*nZZ 

alkal. metal promoted, supported silver catalysts, the effective moderator level in tt» J™ conventional 

catalyst is maintained substantially constant o'er the op^g^T^yT PaSSm9 ™ ** 
The newly developed catalysts, comprising silver supported on alumina, promoted by alkali metal and 

rhenium have a very high selectivity, in the order of 83 to 86 percent 

It has been found that when operating with the newly developed commercial catalyst comprisino silver 

alkal, metal promoters, and a rhenium promoter supported on an alumina support, longer caX Tve ar e 

obtained when the chlorohydrooarbon moderator level is increased over tneWof ^Soll me 

mm The . inVe " ti ° n relates t0 a P rocess for producing ethylene oxide which comprises passino a oas 
ompris.ng ethylene, oxygen and a chlorohydrooarbon moderator over a fixed bed of catalys comprisina 
s^ver supported on alumina promoted by alkali metal and rhenium characterized in tha under nZal 
ope ating cond,t,ons the concentration of the chlorohydrooarbon moderator in the gas passTng ove/The 

tTr< ,S 'T aSed dUnn9 thS ° Perati ° n ° f the catalvst - This >™™ ^ moderator leve^S a benefit 
effect on the longev.ty. that is. the stability of the catalyst over its operating period 

nn.Ir G ' n r m,0n fUrther re ' ateS l ° the pr ° CeSS for producin 9 eth y |ene oxide wherein during a first oeriod of 
operation the process is operated at a chlorohydrocarbon moderator level sufficient to nrnvL tL m 
seec^ty to ethyiene oxide and after the activity of the catalyst ^^IS^TSZ 
operat.ona problems to thereafter in a second period of operation increase the cHtollcvbZ 
moderator level by an amount sufficient to cause a significant decrease in the select^ TZ cZysZ 
ethylene oxide and a corresponding increase in the activity of the catalvst The XnLJn t h 
selectivity may be a predetermined percentage e.g. greate" thai To.5 ^T ^rn'S 
percent. The second adjustment of the moderator level allows the catalyst to be ooera p2 U 
period of time, thereby stretching ou, the period of time required before change ouf ' ° ' 

Figure 1 represents the activity loss tor a supported silver catalyst promoted by alkali metal rhpni„m 

ztzv func,ion of iime for a cons,ant — ievei < c - - **«^nz: 

rh. ■ RQUr ! 2 „ represents chlorohydrocarbon moderator levels as a function of time for an alkali metal 

lev., a« giaen se , o, ™ac,„„ cortions as a ,„„c,i„„ W " """"^ 

Sgare a is a schematic Rawing „, ,he , M c,ca .ea,p„a, u „ a , , C0 ^ M oxyge „ cm ,^ M M 
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given set of reaction conditions as a function of moderator level for both a conventional ethylene oxide 
catalyst (catalyst B) and a rhenium promoted ethylene oxide catalyst (catalyst A). 

Figure 5 is a schematic representation of selectivity at a constant oxygen conversion level and given 
set of reaction conditions versus time for a rhenium promoted catalyst operated in accordance with the 

5 process of the instant invention, and 

Figure 6 represents the corresponding coolant temperature at a constant oxygen conversion level and 
given set of reaction conditions as a function of time for the same catalyst operated in accordance with the 
process of the instant invention. 

In commercial operations, ethylene and oxygen are converted to ethylene oxide with the aid of a 

to catalyst which is contained in a ethylene oxide reactor which typically is a large fixed tube sheet heat 
exchanger containing several thousand tubes filled with catalyst. Coolant is used on the shell side of the 
reactor to remove the heat of reaction. The conditions for carrying out the ethylene oxidation reaction in the 
presence of alkali metal and rhenium promoted, supported silver catalysts broadly comprise those 
described in the prior art. This applies, for example, to suitable temperatures, pressures, residence times, 

15 diluent materials such as nitrogen, carbon dioxide, steam, argon, methane or other saturated hydrocarbons, 
the desirability of employing recycle operations or applying successive conversions and different reactors to 
increase the yield of ethylene oxide, and any other special conditions which may be selected in processes 
for preparing ethylene oxide. Pressures in the range from atmospheric to 35 bar are generally employed. 
Higher pressures, however, are by no means excluded. Molecular oxygen employed as a reactant can be 

20 obtained from conventional sources. Typically the required oxygen is normally supplied from an air 
separation plant. The suitable oxygen charge may consist of relatively pure oxygen, air or a concentrated 
oxygen stream comprising oxygen in major amount with lesser amounts of one or more diluents, such as 
helium, nitrogen, argon, carbon dioxide and/or a lower paraffin such as methane. For purposes of illustration 
only, the following table shows the range of conditions that are often used in current commercial ethylene 

25 oxide reactor units. 

TABLE 1 



•GHSV 

Inlet pressure 


1550- 10,000 
10-30 barg 


Inlet Feed 


ethylene 

o 2 
co 2 

ethane 


1 - 40% 
3 - 12% 

2 - 40% 
0 - 3% 


Argon and/or methane and/or nitrogen diluent 
chlorohydrocarbon moderator 0.3 - 20 ppmv total 


Coolant temperature 
Catalyst temperature 
O2 conversion level 
EO Production (Work Rate) 


180 - 315*C 
180- 325* C 
10-60% 
33 - 260 g EO/I catalyst/h 



" Liters of gas at standard temperature and pressure passing over one liter of 
packed catalyst per hour. 



A chlorohydrocarbon moderator is added to the ethylene-, oxygen-containing gas stream passing over 
the ethylene oxide catalyst. This moderator is typically a Ci to Cg chlorohydrocarbon, that is a compound 
comprising hydrogen, carbon and chlorine. The chlorohydrocarbon moderator may be optionally substituted 
with fluorine. More preferably the moderator is a Ci to about C* chlorohydrocarbon. Even more preferably 
the moderator is 'a Ci or C2 chlorohydrocarbon. In the most preferred embodiment the moderator is methyl 
chloride, ethyl chloride, ethylene dichloride, vinyl chloride or mixtures thereof. Preferred moderators are 
ethyl chloride, vinyl chloride, and ethylene dichloride. Particularly preferred is ethyl chloride. 

The catalysts utilized in the process of the instant invention comprise a catalytically effective amount of 
silver supported on an alumina support promoted by an alkali metal(s) and further promoted by rhenium. In 
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a preferred embodiment, the alkali metal promoter is a higher alkali metal of potassium, rubidium, cesium or 

rtm^aZ ? m a r ,c a ; y pre,erred embodiment ,he higher a,ka,i metai p*™** «- ^ 

amount Ttt h 3,50 Pr ° V ' deS advanta 9^ In a further preferred embodiment, a promoting 

™ p U ; t f he rhemum ^Promoter selected from sulfur, molybdenum, tungsten, chromium and mixture? 
hereof ,s also present on the catalyst. In a particularly preferred embodiment the catalyst comprises sSver 
supported on an alpha alumina and promoted by cesium, lithium and rhenium, and in a Z7£lu Z 
preferred embod,ment sulfate is also present on the catalyst as a rhenium co-promoter P art,cular| y 
The amount of alkali metal promoter preferably present on the catalyst generally lies between 10 and 
3000 preferably between 5 and 2000 and more preferably between 20 and 1500 parts by weight (basis 
metal per m„.,on parts by weight of total catalyst. The amount of rhenium promoted prefe^ present 
the catalyst generally l.es between 0.1 to 10, more preferably between 0.2 to 5 millimoles (basfs metalVoer 
k-logram of total catalyst. The rhenium co-promoter, when present, preferably will be pSH the atalS 

LTc~ t0 m ° re Pfeferably bS,Ween 02 to 5 mi " im0,es ^asismeta.) per ktgram S 

In general terms this process is carried out by first bringing the ethylene oxide reactor up to operating 

TdlTnr, fh SU " ab,e f6ed 935 PaSSin9 ° Ver th9 Ca,2lySt and P f0vidin 9 chloro hJdrocarS 

moderator to the gas passing over the the catalyst to provide an optimum selectivity. Care is taken however 
no to prov.de excessive chlorohydrocarbon moderator substantially over that needed to Z*Z Z 
optimum select.vity. After the catalyst has ".ined-cut" and normal operating conditions are reached h! 

th? 'on time* ^ ° V8r 3 ° f With ^ Ch - h Vdrocarbon moderator bein^.otv.y n ^d 0 e 

the run time at an average rate of increase of at least *% per month during the operation of the catalvst 
more preferably at an average rate of increase of at least 1% per month and eve Lore l ^bTtlan 
average rate of mcrease of at least 3% per month and yet even more preferabiy at n average ra^ of 
mcrease of at least 5% per month. After the start-up line- out procedure is complete theThloSrocibon 

Z fon " ' n T t eam r 5 " 9 ° Ver ^ C3ta,ySt Wl " be in ,he ™£ * a ^ t aCt 

ppm on a molar basis of the gas stream. With the use of the term "average rate of increase" it Is 
understood that the increase can be either a smooth.y increasing function or a J^Z££!L£Z 
in actual plant pract.ce the latter is more likely the case, with the chlorohydrocarbon moderator "ewTSS 
raised a set amount at convenient intervals of time. mooeraior level Deing 

The present invention will now be illustrated by means of the following examples. 

Example 1 

rpJL thi , $ t H eXamP l? 3 Cata ' ySt COm ? risin 9 silver su PP°«ed on an alpha alumina support and promoted with 

GHSV of 3o7 '£T SU,fat9 t6Sted " 3 PHOt P ' ant Und6r the followin 9 15 ba 

GHSV of 3300, 40% oxygen conversion, and a feed gas mixture of 30% ethylene, 8% oxygen 5% carbon 

dioxide and ba^nce nitrogen. Sufficient vinyl chloride p,us ethyl chloride (50/50 mixture) wa ' provided to 
maintein a moderator level of 3 ppm, measured as vinyl ch.oride plus ethyl chloride SetecSes and 
activities (coolant temperatures) were measured. At given intervals a series oi moderator ™Ie curves 
were measured, that is. the moderator level was varied and selectivities and activities were measured 
These results are shown in Table 2 below: acuvmes were measured. 
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TABLE 2 



70 



75 



20 



25 



30 



Time 




oCL /o 


oooianr iemp. 


(uays; 


PPM 

r r m 






1 -8 


3.0 


86.1 


249.4-250.6 


8 


3.5 


85.9 


247.8 




3.7 




... 




4.0 


85.6 


245.6 


20 


3.0 


85.6 


254.4 




3.5 


86.5 


250.6 




3.7 




— 




4.0 


85.6 


245.6 


30 


3.0 


85.7 


255 




3.5 


86.4 


252.2 




3.7 


— 


— 




4.0 




— 


39 


3.0 


85.7 


256.1 




3.5 


86.2 


253.9 




3.7 


86.2 


253.3 




4.0 


85.5 


248.9 


47 


3.0 


86.0 


256.7 




3.5 


— 


— 




3.7 


86.6 


253.9 




4.0 


86.5 


252.2 


59 


3.0 


84.8 


260.6 




3.5 


86.0 


258.3 




3.7 


86.5 


257.2 




4.0 


86.5 


256.1 




4.5 


86.1 


252.2 



35 



40 



From the moderator response curves were calculated optimum selectivities and the corresponding coolant 
temperature increases (activity losses) with time. These activity losses are plotted as Curve B in Figure 1 . 
The activity losses for moderator levels of 3 ppm is plotted as Curve A in Figure 1. As can be seen from 
Table 2 and Figure 1 t maintaining the moderator level at 3 ppm results in a substantially linear loss in 
activity as a function of time, whereas if the moderator level is increased during this time in order to provide 
an optimum selectivity, the activity loss is much less than when compared to the constant moderator level. 



Example 2 



45 



50 



55 



This example illustrates the process of the instant invention in a commercial ethylene oxide process. In 
this process a catalyst comprising silver supported on an alpha alumina support promoted by cesium, 
lithium, rhenium, and sulfate was utilized. The feed to the reactor after the catalyst had been started up and 
lined out was on the average maintained at the following concentrations: 0.2% ethane, 6% argon, 30% 
ethylene, 8% oxygen, 3.5% carbon dioxide, 50% methane, and 2% nitrogen. Ethyl chloride was fed to the 
reaction as a moderator. 

After the initial line-out was complete the chlorohydrocarbon moderator concentration was about 4 ppm. 
Figure 2 shows the increase in moderator (approximate) level in ppm as a function of time for this 
commercial operation. 

Hereinafter follows a detailed description of the figures 3, 4, 5 and 6: 

A series of measurements of selectivity and activity (measured as reactor coolant temperature) were 
made at a constant oxygen conversion level on a commercial alumina-supported silver ethylene oxide 
catalyst which was promoted with cesium (catalyst B) and on an alumina-supported silver catalyst promoted 
with cesium, lithium, rhenium and sulfate (catalyst A) as a function of various levels of a 50:50 mixture of 
ethyl chloride and vinyl chloride monomer as the moderator. The test conditions were as follows: 3300 
gaseous hourly space velocity, 15 barg pressure, 30% ethylene, 8% oxygen, 5% carbon dioxide, balance 
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and *a ta* c necssi,; ,o, , SX Z^i * ™~ " ,e,i ™ " "» 



Claims 



promoted by an alkali metal and rtininm hT 7 „ Y composing silver supported on alumina 

concentration of thechJohy^ Under n ° rmal 0peratin 9 «**■«• the 

operation of the catalyst. ° nydr0Carb0n m0derator in the 9as passing over the catalyst is increased during 

percent! « ' '° 1 ^ ,he ^ ^ « '"-ase of moderator is at least 0.5 

P ercL^rm e o S nth aS ^ * **" ' a ^ 9 « * of moderator is at least 5 

a ™Z«™«l Cl Z«ZrZZ VSES fo Uring Ti Peri ° d ° f ° Perati ° n thS pr0C6SS is « at 
after the activity of the caSs to «£2ET i « m3XimUm Se ' eCtivity t0 eth y ,ene <** and 
second period of ojl^j^^e " h ° Perati ° nal Pr ° b,emS '° ther6after in a 

cause a significant IISWK^^ "~ 

mcrease in the activjty of the catalyst etnyiene oxide and a corresponding 

promoter' ° CeSS " ^ " ^ ^ ^ * ^itioniy promoti^TLfate co- 

by c!sL P lTL a n S iu C m. imed ^ ' ^ *" iS ^ « a.umina promoted 

by cesL^r :nd a ;ZLm daim 8 Wh9rein ^ Cata,yS * iS Si,Ver S « 0 " ^ P-oted 
^ 10. A process as Calmed in any one of claims t-9 wherein the moderator is a C, to C 8 chlorohydroca, 
1 1- A process as claimed in claim 10 wherein the moderator is aCnrr rhi™., * 
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FIG.3 



CATALYST 
A 




CATALYST B 



f 

LU 



< 

LU 
Q_ 



O 
O 



FIG A 

CATALYST 
A 




CATALYST 
B 



MODERATOR 



MODERATOR 



t 

LU 

cc 



< 
on 



o 
o 



INCREASE 
MODERATOR 

B 



Fie. 5 



TIME 



INCREASE 
MODERATOR 

\ 

B 



FIG. 6 




TIME 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 



EP 89 20 1909 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (Int. CI. 5) 



EP-A-0 266 015 (SHELL) 

* Whole document * 

US-A-2 279 470 (G.H. LAW) 

* Whole document, particularly page 2, 
right-hand column, lines 58-66 * 

GB-A-1 055 147 (HALCON) 

* Whole document * 



1-12 



1-12 



1-12 



C 07 D 301/10 
C 07 D 303/04 



TECHNICAL FIELDS 
SEARCHED (Int. Cl.5) 



G 07 D 301/00 
G 07 D 303/00 



The present search report has been drawn up for all claims 



Place of search 


Date of completion of the search 


Examiner 


THE HAGUE 


30-10-1989 


ALLARD M.S. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



s 



THIS PAGE BLANK (uspto) 



